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AN important and very definite variation in the plantar
reflex occurring in certain pathological conditions, and
having considerable clinical value, has been brought into
notice by M. J. Babinski.1 He has found that in certain
cases the flexion of the toes upon the metatarsus, which is
the initial movement in the normal plantar reflex, is re-
placed by extension of the toes upon the metatarsus. This
phenomenon, which he names " le phenomene des orteils,"
has been found by him only in those cases where there have
been lesions of the pyramidal system as evidenced clinically
or by post-mortem investigation. An exception must be
made in the case of newly-born infants, in which the plantar
reflex commences with extension of the toes. Babinski
explains this by the fact that in very young children the
pyramidal system is incompletely developed. He claims
for this sign that it never occurs in normal adults, nor in
functional disease, and that of the objective signs of
lesions of the pyramidal system it is the earliest to
appear after the lesion, and may be the only sign present
as in cases of recent hemiplegia, when the myotatic irrita-
bility is absent, or diminished ; and in combined posterior
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and lateral sclerosis with absent knee-jerks and in Fried-
reichs' disease.
Van Gehuchten* has published an investigation of a
number of cases, and has confirmed Babinski's results. My
attention was first directed to the investigation of variations
in the plantar reflex in January, 1898, by Sir William
Gowers, who drew my attention to a case of right hemi-
plegia in which stimulation of the sole of the foot on the
hemiplegic side produced invariably a slow extension of the
great toe upon the metatarsus and no movement of the
other toes or of any other muscle. The plantar reflex on
the non-paralysed side was brisk and commenced with
flexion of the toes.
The clinical part of this investigation is based upon :—
(1) A hundred adults examined in the medical wards of a
general hospital, who being free from acute disease and
presenting no sign of any lesion of the nervous system were
taken as normal.
(2) A hundred children examined in the wards and out-
patient department of the Hospital for Sick Children at
Great Ormond Street.
(3) Three hundred cases of nervous disease that have
come under my care as House Physician at the National
Hospital during the last six months.
I have to thank my chiefs at the National Hospital, Dr.
Hughlings Jackson, Dr. Bastian, Dr. Buzzard, Sir William
Gowers, Dr. Ferrier, Dr. Beevor and Dr. Tooth for their
kind permission to make use of cases under their care in
the Hospital. I am also much indebted to Dr. Lees
and Dr. Sydney Phillips for permission to examine the
patients in their wards at St. Mary's Hospital; to Dr.
Lees and Dr. Colman for permission to examine cases at
the Hospital for Sick Children, Great Ormond Street, and
to Mr. Stansfield Collier for permission to make use of one
case.
This investigation is concerned with :—
(1) The nature and variations of the plantar reflex in
normal persons.
(2) The character of the plantar reflex in diseases of the
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nervous system, and the clinical value of deviations from
the normal in such conditions.
(3) A theory of the causation of pes cavus in spastic
states: it being possibly a result of reflex hypertonicity
preponderating in certain muscles.
METHOD OF CLINICAL INVESTIGATION.
The supine position with the lower limb semi-flexed at
the hip and knee and rotated out with the knee resting on a
pillow so as to ensure muscular relaxation, was found to be
the best for the observation of the reflex. The position
of the limb was not found to have any effect upon the form
of the reflex. Every precaution was used to get rid of
expectant attention on the part of the person examined
by distracting his attention by conversation or by the per-
formance of some act with his hands requiring attention.
All cases in which, on repeated examination, it was found
impossible to exclude volitional movements, or whose move-
ments were not constant, or where the movements were too
extensive to admit of careful investigation, were excluded
from this investigation. Such cases were only rarely met
with. Except in the normal cases, repeated observations
were made upon each subject to ensure that the signs were
constant.
Observations were also made during sleep upon many of
the cases.
The plantar region was stimulated by gently scratching
with the finger nail or with a 6oft quill, minimal stimuli
being always used where possible. The effect of increasing
the stimulus gradually to a heavy scratch with the nail, and
the effect of painful stimulation was observed.
The order of response of the muscles in the reflex was
recorded (1) by means of levers resting at one end upon that
part of the muscle which bellied most during contraction,
and at the other end resting upon a travelling surface; (2)
by strings attached to the toes and each pulling upon one
arm of a weighted bell crank lever.
The afferent path in this reflex is by the fifth lumbar
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and first sacral roots. I have observed that in persons where
the plantar reflex was very easily elicited, stimulation of the
skin over the dorsum of the foot and over the outer side of
the leg (also supplied by the fifth lumbar root) produced
movements precisely similar to those elicited by stimulation
of the sole of the foot. The same result was never obtained
from stimulating the third and fourth lumbar or second and
third sacral root areas.
The response is usually confined to the lower limbs, but
the involvement of the abdominal and back muscles in the
response is frequently seen in children, and is much more
marked on the side of stimulation.
The ease with which the plantar reflex is elicited and
the degree of response varies greatly in different individuals,
but the nature of the reflex is remarkably constant. I
have not found it constantly absent in a healthy person.
Coldness of the feet will temporarily abolish it or make it
very difficult to obtain. Sensible perspiration on the feet
has the same effect. Moisture does away with much of
the element of friction so necessary for the production of
the skin reflexes. Its effect may be readily demonstrated
by moistening the back of one's hand: it becomes much
less " ticklish." I have in many instances, by carefully
drying the moist feet and warming the cold ones, obtained
a good plantar reflex where I had failed previously. Light
scratching or tickling stimuli are much more efficacious in
producing the plantar reflex than more severe and painful
stimuli, and the former will often succeed where the
latter fail. I have not found the nature of the reflex to
change in any way except in degree with different kinds of
stimulation.
The irritability of the different skin regions in the sole of
the foot varies greatly in individuals. I have not been able
to make out definite areas where the plantar reflex could be
obtained more readily, such as have been classified by
Brissaud.8
In the clinical investigation of the plantar reflex it is
very important that all the muscles of the lower limb should
be observed at the moment of stimulation, because, as will
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be subsequently stated, the earliest response is generally in
muscles of the hip, and in cases where the plantar reflex is
difficult to obtain, the only response may be in those
muscles.
This last phenomenon is frequently met with in functional
disease ; in peripheral neuritis and in tabes dorsalis.
In certain cases the reflex only appears upon the first one
or two stimulations and is then absent even on the strongest
excitation. This is especially apt to occur in functional
cases with a slight reflex.
If the preceding points be taken into consideration, I
think that the common statement that the plantar reflex
is not rarely found completely absent in healthy subjects4
will not be confirmed.
The Normal Plantar Reflex in Adults.
If a minimal stimulus be applied to the sole of the foot,
a contraction of the tensor vaginae femoris,3 often accom-
panied by a less marked contraction of the adductors of the
thigh and sartorius is observed in the great majority of
cases.6 With a slightly stronger stimulus flexion of the
four outer toes, the movement preponderating towards the
little toe appears. With increasing stimuli all the toes are
flexed on the metatarsus and drawn together, the ankle is
dorsiflexed and inverted ; the knee is flexed and the hip is
strongly flexed, adducted and rotated inwards so as to carry
the knee across the opposite thigh. With still stronger
stimulation violent irregular movements of the limbs occur
which spread to the lower part of the trunk and to the
opposite limbs.* The position of the foot at the height of a
response to a moderate stimulus is shown in fig. 1. In
some cases, which, however, constitute an inconsiderable
minority, flexion of the four outer toes occurs with the
same or even a smaller strength of stimulus than does
contraction of the tensor fasciae femoris. There is then in
* In a case of anterior poliomyelitis with complete palsy of the lower
limbs, the most gentle stimulation of the sole of the foot produced a vigorous
single twitch in the levator ani.
76 OBIGINAL AETICLES AND CLINICAL CASES
response to increasing stimulation of the Bole of the foot, a
definite order of succession in the contraction of the
muscles which respond, and the contraction is more
vigorous in those muscles which respond earlier than in
those which react later. To illustrate this last fact the
behaviour of the calf muscles may be stated. They may be
felt to contract only to considerable stimulus, yet although
they are much stronger muscles than the anterior tibial
group, they never overcome the dorsiflexor movement, and
plantar extension of the ankle is never seen in the plantar
reflex of a normal person.
The order of contraction in all the normal cases was
found as follows :—
(1) Contraction of the tensor fascia femoris, sartorius
and adductors, and flexion of the hip.
(2) Flexion of the four outer toe's.
(Sometimes 1 and 2 are simultaneous, and rarely the
order is reversed.)
(3) Dorsiflexion of the ankle.
(4) Flexion and adduction of all the toes; inversion
of the foot by the tibiaJis posticus; flexion of the knee.
(5) Contraction of calf-muscles.
(6) Contraction of quadriceps.
The early response of the tensor fasciae femoris in the
plantar reflex was first pointed out by Brissaud,' and it was
called by him "le reflex du fascia lata."
As the response in the tensor fasciae femoris is the first to
appear, so also is it the last to disappear when the plantar
reflex is diminished in normal subjects by cold, anaesthesia,
and unknown factors, which cause this reflex to vary in
degree from time to time in healthy subjects. I have
several times found a lively response in this muscle when no
other muscle reacted to stimulation of the plantar region.
The terms " early " and "late " response are here used
with reference solely to the time at which a muscle reacts to
stimuli, gradually increased from the minimal stimulus
capable of producing a plantar reflex, and not with any
reference to actual " reflex time." I have, by means of
tracings taken directly from the muscles, observed that the
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reflex times of the several muscles in the plantar reflex
only vary to an extent that can be accounted for by the
different lengths of the nerves supplying them, although
from the different amounts of contraction, certain muscles
seem to follow others on superficial observation.
The movement produced by a moderate stimulus pre-
ponderates, as has been above explained, in the hip and
ankle, and on account of the greater weight that the hip-
muscles have to raise in contracting, it is most conspicuous
at the ankle. This is a striking point of difference between
the normal plantar reflex and that to be subsequently
described in certain lesions of the central nervous system.
The economic significance of the nature of this reflex ip
clear. In plantigrade progression, if an irritating object
come in contact with the sole of the foot, the flexors of the
hip acting at greater mechanical advantage as regards range
of movement than any other muscle, will be best adapted to
remove the foot from the offending object; the foot is fixed
by the dorsiflexion of the ankle, and the whole surface is at
once removed from the ground, while the flexion of the toes
and the inversion of the foot render the skin of the plantar
region lax, so that any sharp object will penetrate less
readily.
For the sake of brevity in this communication I propose
to call this normal form of plantar reflex characterised by
flexion of the toes and marked early action of the tensor
fasciae femoris as the " flexor response."
The Crossed Plantar Reflex.
A crossed plantar reflex can usually be obtained in cases
where the plantar reflex is marked. It consists of a slight
movement of flexion of the toes, especially of the great toe,
with slight dorsiflexion of the ankle.
•Usually a much stronger stimulus is necessary to pro-
duce the crossed plantar reflex than the direct, but this
is not always so ; sometimes the minimal stimulus required
to produce the plantar reflex will evoke a distinct crossed
reflex.
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The Normal Plantar Beflex of Infants.
The response is very brisk, and differs very markedly
from the adnlt reflex. The earliest response is in the great
toe, which is drawn back. This is followed by extension
and spreading out of all the toes with eversion of the foot
and dorsiflexion of the ankle, and subsequently flexion of the
hip and knee. Strong stimulation causes a general, irregular
movement of the limbs and trunk. The crossed plantar
reflex, when I have been able definitely to obtain one, has
consisted of extension of the toes.
This form of reflex, with the widely-spread, drawn-back
toes and the late response of hip-muscles contrasts most
markedly with the adult form, with the contracted, flexed
toes, inverted foot and the early hip response. I propose
to use the term " infantile response" for this type of
plantar reflex.
It may be remarked here that this form of plantar reflex
is precisely similar to the plantar reflex of such monkeys as
I have examined, and may be considered a more primitive
type. To this point I shall recur subsequently.
The infantile response persists until the child becomes
able to walk, when it is gradually replaced by the flexor
response. I have observed several cases in the transition
period, and in these children sometimes one and sometimes
the other form of response occurred at the same examina-
tion, or a mixed response of flexion of the outer toes with
marked extension of the great toe occurred.
The age at which the change occurs is generally between
the second and third year. I have met with the typical
adult response in children of two years old, who were
particularly forward and " strong on their legs."
In weakly, and especially in rickety children, the
infantile response may be seen as late as the age of four
years.
It may, then, be stated that with the establishment of
complete cerebral control over the lower limbs the adult
form of response to the plantar reflex replaces the infantile
response.
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The Plantar Beflex during Sleep.
During sleep the plantar reflex is diminished, and in
infants and adults the infantile and flexor responses occur
respectively, but in some children up to the age of twelve
years who presented the adult flexor response when awake
I have observed a most interesting phenomenon. During
deep sleep there was a typical infantile response, with the
extension and spreading of the toes and eversion of the
foot. With repeated stimulation complicated co-ordinated
movements directed towards the removal of the cause
of irritation were noticed. It seemed as if some higher
mechanism had been roused into action. Further irri-
tation of the foot caused the child to awake, and directly
he did so the normal adult plantar reflex occurred on
stimulation.
In these cases the temporary loss of cerebral influence
over the spinal cord during sleep was accompanied by a
reversion to the primitive infantile response, which dis-
appeared and was replaced immediately by the adult response
on awakening.
In children between the ages of six and twelve years
this peculiarity was only found in a minority of the subjects
examined.
The Plantar Beflex in Pathological Conditions.
(1) Lesions of the pyramidal system.
An alteration in the form of the plantar reflex in these
lesions was first described by Babinski.1 He found that if
in the plantar reflex, extension of the toes, especially of the
great toe, upon the metatarsus occurred, this extension of
the toes was pathognomonic of a lesion of the pyramidal
system. To this rule he made two exceptions : (1) In
newly-born infants he noticed that the infantile response
was constant; (2) In cases of total transverse lesions of the
cord he was unable to obtain any plantar reflex.
He named this sign " le phenomene des orteils," and
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states that he has never found it in healthy subjects or in
functional cases, but only where there was clinical evidence
of a lesion of the pyramidal system, and conversely that in
lesions of the pyramidal system, with the exception of total
transverse lesions of the spinal cord, this sign almost in-
variably occurs. His pathological investigations entirely
confirmed this statement.
Van Gehuchtens has confirmed these results.
I find that the form of plantar reflex in lesions of the
pyramidal system, whilst resembling the infantile response
in many respects, differs in a few points. In a well-marked
case, the whole response is more deliberate than in the
flexor response or the infantile response, and appears with
much more certainty than does the flexor response to each
stimulation. Extension of the great toe precedes all other
movement. It is followed by extension of the other toes
and by dorsiflexion and inversion of the ankle. The tensor
fascisB femoris does not contract early. The tibialis posticus
and anticus and peroneus longus contract strongly, and fix
the ankle, and a temporary increase of the plantar arch is
often noticed. The small amount of movement at the ankle
in the reflex from this cause is conspicuous, and contrasts
with the brisk movement of the ankle in the normal reflex.
There is often a tendency of certain muscles to remain con-
tracted after the reflex, especially the extensor proprius
hallucis, reminding one of the cataleptoid reflexes observed
by Sherrington in paraplegic monkeys.6
Just as the response of extension of the great toe is the
first to appear, so when the reflex is very sluggish the
extensor proprius hallucis may be the only muscle to respond
even to strong stimulation.
I propose to use the term "extensor " response for this
form of reflex.
This extensor response is often more easily elicited by
stimulation of the outer part of the sole, whereas the flexor
response is usually more easily obtained by stimulating the
inner part.
The position of the foot at the height of a moderate
extension response is depicted in fig. 2.
PIG. 1.
The position of the foot of a healthy adult at the height of a flexor
response. The flexion and adduction of the toes, and the dorsiflexion and
inversion of the ankle are well shown. (From an instantaneous photo-
graph.)
PIG. 2.
The position of the foot at the height of a moderate extensor response.
The increase of the plantar arch and the extension of the toes, especially
of the hallux, are well shown. From an instantaneous photograph. The
t'asH WHS one of early disseminated sclerosis.
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In the following table the chief characteristics of the
three forms of response are contrasted.
EXTBNSOB
RESPONSE.
INFANTILE
RESPONSE.
Movement
Muaole first to
contract with a
minimal stimu-
lus
Certainty of re-
sponse to eaoh
stimulus
Position of toea
Obtained more
easily by stimu-
lating
Movement of ankle
Quick
Tensor fascia
femoria
Less certain
Often deliberate
Ert. prop. hall.
Certain
Flexion ; adduo- | Extension ;
tdon I spreading
Inner part of the j Outer part of the
sole sole
I
Dorsiflexion and j Dorsiflexion and
inversion, both. I inversion, both
conspicuous | slight
Quiok
Ext. of toes
Less certain
Extension;
spreading
Dorsiflexion and
eversion, both
conspicuous
According as the lesion of the pyramidal system be
partial, the flexor and extensor responses may be combined
in the plantar reflex. The following are common clinical
variations :—
(1) Extension of great toe with flexion of four outer
toes.
(2) Slight flexion of all toes, followed by slow, strong
extension.
(3) Contraction of tensor fasciae femoris, and of extensor
proprius hallucis with the minimal stimulus.
(4) Stimulation of the sole may sometimes produce the
flexor, and sometimes the extensor response.
Especial care must be taken in investigating the plantar
reflex that a movement of dorsiflexion of the ankle is not
mistaken for a movement of extension of the great toe. The
movement at the metatarso-phalangeal joint must be care-
fully inspected to obviate this source of error.
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The Crossed Plantar Reflex Associated with tlu Extensor
Response.
The cases showing the extensor response almost invari-
ably present slight flexion of the toes, preponderating in the
great toe as the crossed plantar reflex, whether the condition
present is a hemiplegia or a paraplegia.
I have met with slight extension of the toes—chiefly of
the outer toes—as a crossed plantar reflex in two cases only,
both cases of severe spastic paraplegia.
The clinical and pathological results obtained in this
investigation have, for the most part, confirmed Babinski's
conclusions, and exceptions to his rule that the extensor
response indicates a lesion of the pyramidal system have
been found so few as to " prove the rule."
(1) Total Transverse Lesion of the Cord.
In three cases of total transverse lesion of the cord I
have found the extensor response present. Bastian7 states
that in his cases slight movements of the toes on stimulating
the sole were the only reflex phenomena present, but does
not state the nature of the movement.
Case I.—R. L., labourer, aged 52 years, was admitted into
St. Mary's Hospital, under Mr. Stansfield Collier, on September
26, 1898, with a severe injury to the dorsal spine, caused
through a fall a few hours previously. He was completely
paraplegic, and the knee-jerks were absent. A laminectomy was
at once performed, and the spirial cord was found completely
severed at the level of the fifth dorsal vertebra. Twenty hours
later stimulatioD of the sole of either foot produced a sluggish
extension of all the toes, especially the great toe, and this
sign persisted till his death three days later. The response was
absolutely confined to the foot. The knee-jerks were persistently
absent.
Case II.—A. G., aged 50 years, was admitted into the
National Hospital under Dr. Buzzard suffering with cancer of
the dorsal vertebrae secondary to a. scirrhus of the left breast,
which had been removed. She had complete flaccid paraplegia
and complete ansesthesia as high as the eleventh dorsal root
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level. The knee-jerks were absent and the sphincters completely
incontinent. Up to the time of •writing, these physical signs
have been constant, except that the anmsthesia is creeping up-
wards. She has always shown a moderate extensor response
at the plantar reflex.
(Since writing the above the patient, A. G., died. At
the aatopsy a mass of new growth was found compressing
the spinal cord at the level of the seventh dorsal nerve-root.
The cord was narrowed to the size of a crow-quill and its
substance was semi-diffluent at this point.)
Case III.—A. E., a laundress, aged 20 years, was admitted
into the National Hospital under Sir William Gowers on Sept.
16, 1898, suffering with acute syphilitic transverse myelitis
of six days' duration. She had complete flaccid paraplegia
and absolute anaesthesia up to the tenth dorsal root level;
complete incontinence and loss of knee-jerks. The plantar
reflex was a marked slow extension of the hallux alone. The
knee-jerks returned ten days later, and some movement fifteen
day8 later.
Although there was no anatomical proof of a total trans-
verse lesion in the last two cases, there was full clinical
evidence of a physiological total transverse lesion.
(2) Myelitis (including Compression Paraplegia).
Of thirty-six cases repeatedly examined, thirty-four
always showed a marked extensor response. In one case of
twenty years' duration there was great organic contracture
of the calf muscles, so that the ankles were fixed in a
position of plantar extension and could not be passively
dorsiflexed; the toes were fixed in a position of flexion and
could not be extended. The faradic excitability of the
anterior tibial muscles was absent. The plantar reflex was
confined to a flexion of all the toes.
In one case of cervical myelitis there was associated
atrophic palsy of the extensors of the toes and loss of the
deep reflexes. The plantar reflex consisted in a flexion of
the toes.
The two following cases exemplify the return of the
plantar reflex to the normal on recovery.
84 ORIGINAL ARTICLES AND CLINICAL CASES
Case IV.—Percy C, aged 5 years, was admitted into the
National Hospital under Dr. Tooth on April 15, 1898, with
symptoms of spinal caries of six weeks' duration and gradually
increasing paraplegia of three weeks' duration, with hesitating
mioturition, increased knee-jerks and double foot clonus. The
plantar reflexes were very strong extensor responses.
On May 17, having been treated with rest and extension
since admission, he was completely paraplegic. On May 17
Mr. Horsley performed laminectomy and removed a large amount
of gelatinous tubercular material that was found pressing upon
the theca.
On June 7 he began to move bis legs. The wound was
healed on June 25.
On October 20 he could walk well, and with the exception
of some increase of the knee-jerk, all his symptoms of paraplegia
had disappeared. The plantar reflex was sometimes an extensor,
and sometimes a flexor response.
On October 30 the plantar reflexes were constantly flexor
responses. He could walk and run naturally.
Case V.—J. P., aged 34 years, an engineer, was admitted into
the National Hospital under Dr. Beevor in November, 1898, with
spinal caries and slight weakness of the legs. Movements of the
legs were well performed, but with a feeling of stiffness. The
knee-jerks were increased, and there was a little foot clonus. He
had occasional reflex flexor spasms in the legs. The plantar
reflexes were marked extensor responses ; the extensor proprius
halluois contracting to a much slighter stimulus than did the
other muscles concerned in the response.
After a fortnight's rest in an extension apparatus, the feeling
of stiffness, increased deep reflexes and flexor spasm had entirely
disappeared. The plantar reflex, after showing sometimes an
extensor response and sometimes a flexor response, became
constantly a flexor response.
In these cases the extensor response was the last of the
" spastic " signs to disappear.
(3) Disseminated Sclerosis.
Of thirty cases, twenty-eight showed an extensor response
on both sides. In one case in which the signs were limited
to the right limbs, there was an extensor response on the
right 6ide and a flexor response on the left.
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In one case in which the knee-jerks were diminished and
the chief symptom ataxy, there was a flexor response on
both sides.
In five cases of paraplegia, where the symptoms had
been entirely those of functional disease and a diagnosis of
functional paraplegia was made, symptoms of organic
disease, such as diplopia, sphincter trouble, erythromelalgia,
girdle sensation, &c., subsequently appeared, and the
diagnosis was changed to (?) disseminated sclerosis.
In two of the cases the onset of unequivocal signs
of organic disease was accompanied by a change from the
flexor to the extensor response and persistence of the
latter.
In two cases the flexor response persisted, though signs
of extensive organic disease developed.
In one case the tensor fascise femoris alone responded in
the plantar reflex.
In the differential diagnosis between functional and
organic hemiplegias and paraplegias in adults, the presence
of an extensor response is a most valuable sign of organic
disease, such as is not furnished by increase of the knee-
jerks or by the less persistent forms of foot-clonus. The
presence of a flexor response, however, is compatible with
the presence of organic disease.
(4) Hemiplegia.
Of thirty-six cases of organic hemiplegia, twenty-eight
gave an extensor response on the paralysed side and a flexor
response on the sound side. The reflexes were found in
some cases very brisk, in others very difficult to obtain.
The cases with brisk and those with sluggish reflexes were
classified and compared, but no general fact as to the cause
of the difference was elicited.
In three cases the extensor response was found on both
sides, and an autopsy in one of them—a case of right hemi-
plegia—revealed degenerative changes in both hemispheres.
In one case of eight weeks' duration the plantar reflex
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was entirely absent on the paralysed side, a flexor response
being present on the sound side.
In four cases the flexor response was found on both
sides. In one of them the leg had entirely escaped the
paralysis. In the other three the flexor response was more
marked on the paralysed side and was very atypical, con-
sisting of a vigorous flexion of all the toes. In these three
cases the appearance of the foot on the hemiplegic side was
peculiar ; the foot was dropped, and the toes were, when at
rest, bent strongly towards the sole of the foot, the line
of the inner side of the foot from the tip of the great toe to
the heel forming the chord of a circle. This position of
the foot is the opposite to that of pes cavus, which is not
rarely met with in cases where the pyramidal system is
damaged, and which will be subsequently described as
having a most important connection with the extensor
response.
I have no explanation to offer for the peculiarities of the
plantar reflex in these three exceptional cases.
(5) Friedreich's Disease.
Of six cases all showed a marked extensor response.
Four of the cases had marked pes cavus, and the knee-jerks
were absent. The others had slight pes cavus, and the
knee-jerks were just obtainable.
Clinically, the only sign of the affection of the lateral
columns is the extensor response in the plantar reflex and
the pes cavus.
(6) Syringomyelia.
Of three typical cases all showed a marked extensor
response.
(7) Amyotrophic Lateral Sclerosis.
Of three cases all showed an extensor response.
(8) Bulbar Palsy and Progressive Muscular Atrophy.
The cases in which the deep reflexes in the lower limbs
were increased showed the extensor response. Where the
lower limbs were normal the flexor response was present.
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Epilepsy.
Of forty cases thirty-eight showed the flexor response.
After every fit of severe convulsions lasting any length of
time the extensor response was found present, and lasting
some time.
In one patient, who suffered from periodic groups of
attacks of severe general convulsions, the flexor response
was constantly present when he was free from attacks.
During a period of forty hours he had fourteen severe fits ;
the extensor response was always present and persisted for
seven hours after the last attack, when the flexor response
returned.
The extensor response, as a rule, was present for from
five to ten minutes after a general convulsion.
In cases of hemi-epilepsy, not associated with hemiplegia,
the extensor response was only present after the fits on the
convulsed side.
Where the general convulsions were of very brief dura-
tion often no change in the plantar reflex was observed.
Cases of Jacksonian epilepsy affecting the foot always
presented an extensor response for a short time after the fit.
The following two cases of epilepsy were exceptional:—
Case VI.—A. S., aged 20 years, under the care of Dr. Bastian,
had suffered with right hemi-epilepsy since a severe fit at the age
of two years. The right arm and leg were distinctly smaller
than the left, and the movements, although all well performed,
were slightly weaker than those on the left side. The gait
was natural, and the right knee-jerk was only slightly more lively
than the left. She had had no fit for six weeks before admission.
The right plantar reflex was constantly an extensor response, the
left a flexor response.
In this case a lesion of the left cortex had probably
occurred at the time of the first fit. The extensor response
was the most evident sign of the hemiplegia, the weakness
and impaired development being so slight as to be easily
overlooked.
Case VII.—J. G., aged 28 years, under the care of Dr. Ferrier,
had suffered for two years with slight general convulsions.
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She had not had infantile convulsions. There was no physical
sign of organic disease, except that an extensor response was
constantly obtained in the left foot, a flexor response in the
right.
I look upon this case with suspicion, and think that it
may possibly be a case of cerebral tumour.
Many patients have presented in the out-patient depart-
ment of this hospital as cases of idiopathic epilepsy, who
for years showed no sign or symptom of organic disease,
and subsequently developed unequivocal signs of intra-
cranial tumour. Several such cases subsequently examined
in the post-mortem room have shown neoplasms in the
anterior parts of the hemispheres.
I would suggest that the presence of a constant extensor
response, since it may be the earliest sign of a damage to
the pyramidal system, may be of great value in the early
recognition of some of these cases.
In the following case of cerebral tumour, commencing
with epilepsy, the presence of a unilateral extensor response
was of great clinical value.
Case VIII.—Annie 8., aged 12 years, was admitted on Sept.
22, 1898, into the National Hospital, under the care of Dr.
Buzzard.
Pour months before admission, after an attack of influenza,
she began to have frequent attacks of " petit mal." She would
suddenly turn pale and look strange, and say " I feel so funny."
A fortnight later it was noticed that in some of the attacks the
left arm twitched.
She was sent to the Meath Home for Epileptics, and when
admitted there she was constantly falling asleep at all times of
the day, though quite bright and natural when awake. It was
then noticed that she did not use the left side of her face in
talking so well as the right.
A month before admission her sight began to fail rapidly.
A fortnight later paroxysms of vomiting began for the first time
in her illness. She had no headache until two days before
admission. On admission she was obviously very ill. Her
mental state was intelligent. Speech and articulation were
normal. She had frequent Jacksonian attacks, beginning some-
times in the left face, sometimes in the right face, sometimes in
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the right hand and sometimes in the left hand, remaining always
confined to the side on -which the attack commenced. She was
quite conscious and able to speak during the attacks. Taste,
smell and hearing were normal. There was intense optic
neuritis showing a commencing subsidence into atrophy. There
was absolutely no light perception. There was complete palsy
of the right third and sixth nerves and partial palsy of the left
third and sixth nerves. There was very slight weakness of the
left lower face and of the left arm. There was absolutely no
weakness of the legs, and her gait was natural. There was no
localised oranial pain or tenderness. Sensation was natural.
The knee, wrist and elbow jerks were absent and were never
obtained up till her death. The plantar reflex on the right
side was a marked flexor response, that on the left side a
vigorous extensor response. This condition of the plantar
reflex persisted till the day before death, two months later,
when she became deeply comatose, and the extensor response
was present on both sides, but was much more marked on the
left side.
A month after her adrniosion she dragged the left foot
slightly in walking, but after this the hemiplegia did not
progress.
The autopsy revealed an infiltrating tumour of the white
substanoe of the right temporo-spenoidal lobe extending as
far as the right capsule. A tongue of new growth extended
over the right crus and was pressing upon the right third
nerve.
In this case the early attacks of " petit mal," the somno-
lence and the Jacksonian attacks indicated a lesion of the
hemispheres, but did not Buggest which hemisphere was in-
volved.
The slight hemiplegic symptoms in the left face and arm
confirmed by the extensor response in the left foot gave an
accurate indication as to the side of the lesion.
Cerebral Tuvurur.
Sixteen cases were examined in which there were no
physical signs of any lesion of the pyramidal system. In all
of these the flexor response was present.
Cerebellar Tumour.
Of three cases all showed a flexor response.
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Functional Disease.
Of thirty-five cases, fifteen showed a moderate flexor
response. In three cases there was an extremely brisk flexor
response on the least stimulation of the sole. In ten cases
the flexor response was elicited with difficulty.
In seven cases the plantar reflex had been recorded in
the notes as absent, and in two of them this absence had
been repeatedly noticed for years, but in all of these cases
there was a distinct contraction of the tensor fasciae femoris
on stimulating the sole. The reflex only followed the first
few stimulations, and then disappeared. It was apparently
very easily tired out, for it always reappeared after a few
minutes' rest.
The absence of the plantar reflex in cases of functional
paraplegia where there is no anaesthesia of the feet has been
brought forward by Dr. Buzzard8 as characteristic of that
condition. So far as the absence of response in the foot is
concerned, it occurred in 20 per cent, of all cases examined
and almost invariably in functional paraplegia, but I did not
meet with a functional case in which there was entire and
constant absence of response in the muscles of the hip.
Paralysis Agitans.
Of ten cases, the flexor response occurred in all, and
the reflex was sluggish.
Tabes Dorsalis.
Of twenty-five cases, eight showed an entire and per-
sistent absence of any response. In three cases the tensor
fasciae femoris alone responded. In five cases an attempt to
elicit the plantar reflex produced irregular movements of the
toes and foot, often of considerable range lasting some time.
In the remaining cases the flexor response was present, in
some cases much delayed, in some cases brisk, in others
sluggish. Anaesthesia of the feet seemed to have no con-
nection with the presence or absence of the reflex. In one
case where there was long-standing complete anaesthesia to
all forni6 below the knees the flexor response was particu-
larly brisk.
The extensor response was never met with.
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In the following case the presence of a marked extensor
response furnished a valuable suggestion as to the diagnosis.
Mary C , aged 35 years, married, was admitted into the
National Hospital under Dr. Ferrier on September 28, 1898,
complaining of weakness of the legs and inability to walk. Her
previous health had been good. Her first child was born dead
at six months, and her only other child was alive and healthy.
Her illness commenced eighteen months before admission with
subjective stiffness in the calves, tingling of the feet and a tight
girdle sensation. Nine months before admission she dragged
both feet in walking, and had slight precipitancy of micturition.
Six weeks before admission she became entirely unable to walk
alone.
The pupils and cranial nerves, optic discs and special senses
were normal. There was slight blunting of sensibility over the
feet as high as the ankles, some loss of sense of position at
ankles and knees. She complained of aching pains in the legs.
There was no wasting of the lower extremities and all movements
were performed with moderate power. There was no hypotonia.
There was great ataxy hi the legs and marked Romberg's sign.
In walking the feet were poorly lifted, but did not scrape the
ground. The knee-jerks were absent. There was some precipi-
tancy of micturition. The plantar reflex on both sides was a
marked extensor response.
The case presented at first sight as one of atypical tabes
but there was a definite history that she had dragged her
feet in walking before she became very ataxic. This was
not a symptom of posterior sclerosis.
In the cases of tabes examined by Babinski, Van
Gehuchten and myself, the extensor response was never
met with.
Babinski states that in his cases presenting the extensor
response every autopsy revealed a lesion of the pyramidal
system, and the same result had been obtained from
autopsies upon my cases.
From these facts the diagnosis of postero-lateral sclerosis
was in this case strongly suggested.
(Since writing the above two patients who presented as
atypical cases of tabes, the knee-jerks being lost and the
extensor response present, as in this case, have died in the
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National Hospital. Autopsies upon both cases revealed
marked degeneration in both the posterior and lateral
columns of the spinal cord.)
Multiple Peripheral Neuritis.
Of fifteen cases nine gave a flexor response, generally
sluggish. In three severe cases the plantar reflex was
entirely absent while the patients were under observation.
Three cases showed a response confined to the tensor fascice
femoris.
Chorea.
In twenty cases (including three cases of Huntingdon's
chorea) a normal flexor response was found.
Anterior Poliomyelitis and Myopathies.
In twenty cases of acute poliomyelitis, occurring after
the patients had learnt to walk, the flexor response was met
with. Where the muscles concerned in the response were
involved in the palsy, the response was diminished or lost
in proportion to the degree of paralysis.
In six cases of myopathy a similar result was obtained.
One case, however, was exceptional. This was a very
typical case of pseudo-hypertrophic palsy in a boy of nine
years old, who had learnt to walk when eighteen months
old, and had been particularly strong and active upon his
legs till the age of four years, when his symptoms com-
menced. In this boy a marked infantile response was
always present.
In cases of neurasthenia and sciatica the plantar reflexes
were found normal.
THE INFLUENCE OP STRYCHNINE AND TETANUS TOXINE
ON THE PLANTAB E E F L E X .
M. Babinski has recorded a case of strychnine poisoning
in which " le phenomene des orteils" was present and
disappeared soon after recovery.
Several adults who presented the flexor response have
been treated under my care with increasing doses of a
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solution of nitrate of strychnine administered hypodermi-
cally and I have found that when large doses—one-sixth to
one-third grain—are given, the form of the plantar reflex
becomes changed, and resembles that found in lesions of the
pyramidal system.
The change in the reflex was noticeable about five
minutes after the injection, and persisted for about half-an-
hour. No discomfort beyond a slight feeling of general
stiffness on movement was experienced by the patients
after the injection.
The same change persisting many weeks after recovery
was observed in a case of tetanus recently in the National
Hospital.
Case X.—S. B., a healthy boy, aged 6 years, was admitted
under the care of Dr. Hughlings Jackson,, on September 6, 1898.
Tetanic symptomB had set in ten days after a wound on the fore-
head. The spasms were severe and confined to the head, neck,
and upper limbs. They ceased on the tenth day after admission,
and he became rapidly convalescent. During the stage of acute
symptoms, and for a month afterwards, a strong, deliberate
extensor response was invariably the result of stimulating the
sole of the foot. On October 24 sometimes a flexor response,
and sometimes an extensor response, with a diminished con-
traction of the tensor fasciae femoris were obtained. After
November 1 no extensor response was obtained, a marked
flexor response being present, with a very lively action of the
tensor fasciee femoris. This form of reflex persisted as long
as he was under observation.
Both strychnine and tetanus poison increase the reflex
excitability of the spinal cord, and the cerebral control is
thereby relatively lessened. The increased reflex excitability
was in these cases accompanied by a return of the form of
plantar reflex to the infantile type.
THE .ZETIOLOGY OF ACQUIRED PES CAVUS IN SPASTIC
CONDITIONS.
In cases of Priedreich's disease, in the family type of
primary lateral sclerosis, in lesions of the spinal cord pro-
ducing a spastic condition of the lower extremities, and in
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cases of hemiplegia (especially in children and young
people) a deformity of the foot known as pes cavus is some-
times met with. In well-marked pes cavus the whole foot
is dropped ; the toes, especially the great toe, are retracted,
forming an angle with the metatarsus. The metatarsus
itself is pulled down in front, and with the anterior part
of the tarsus forms an angle with the posterior part of the
tarsus, so that the inner border of the foot has an outline
somewhat resembling that of the letter Z.n The plantar
arch is increased and the foot is inverted. In long-standing
cases the metarso-tarsus is often structurally shortened.
Several explanations have been brought forward to
account for the development of pes cavus. Duchenne8
considered that it is due to weakness or paralysis of the
interrossei, combined with weakness of the dorsiflexors of
the ankle, and stated that weakness of these muscles and an
altered electrical excitability may be found in them. He
considered pes cavus as a similar condition with a like cause
to " main en griffe."
Golding Bird10 also considers this explanation valid.
If a hand presenting "main en griffe," with its paralysed
and atrophied muscles, structural rigidity, and marked rigid
flexion of the interphalangeal joints be compared with a
foot showing marked pes cavus in Friedreich's disease,
where there is no wasting nor paralysis, no contraction of
tendons, no rigid flexion of the interphalangeal joints, and
no alteration of electrical excitability in the muscles, the
resemblance between the two will be found superficial rather
than real.
I have carefully examined many cases of pes cavus,
and have been unable to find any relative weakness of
these muscles, or any change in their electrical excitability.
Duchenne's explanation applied to the pes cavus of
spastic states is, I think, untenable, and does not account
for the inversion of the foot, nor adequately for the increase
of the plantar arch.
Adams,18 in 1864, considered the condition to be produced
by spasm in certain muscles.
Barwell,18 in a recent paper, considers Duchenne's ex-
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planation will not account for most of the cases. After
discussing the congenital and paralytic forms, he says, " a
third class of pes cavus is due to spastic tension in the long
peroneal muscle. Though I cannot determine the cause of
this contraction, I have more than once demonstrated its
presence."
I have examined a large number of cases of hemiplegia
and paraplegia of long duration, with spastic lower ex-
tremities, and have found in all of them which showed an
extensor response in the plantar reflex a tendency to that
position of the foot known as pes cavus. The results were
most striking in cases of hemiplegia, where the non-affected
foot could be taken as the normal. (Accurate measurements
of the length of the plantar arch, &c, were taken by means
of a flat rule placed against the sole of the foot and a
divider working at right angles to the rule. The measure-
ments were also taken from accurate plaster casts of the
same feet in some cases.)
I have been able to watch the development of pes cavus
from a normal foot in three cases. The feet depicted in
figs. 3 and 4 were those from a case of spinal caries with
paraplegia, under the care of Dr. Bastian. This patient was
admitted into the National Hospital with a condition of slight
spastic paraplegia, and her feet showed no deformity; she
became absolutely paraplegic, and pes cavus slowly developed.
The photograph was taken a year after the onset of the
paraplegia.
I have also had the opportunity of examining four cases
of early Friedreich's disease with commencing pes cavus.
In all these cases the earliest signs of deformity was retraction
of the great toe, and the second noticeable event was spasm
of the tibialis posticus and peroneus longus muscles, as
evidenced by the constant standing out of their tendons
behind the internal and external malleoli respectively.
In a well-marked case, the standing out of the tendons of
the extensor proprius hallucis, tibialis posticus, and peroneus
longus is most noticeable, and is well depicted in figs. 4
and 5 (in this case there was no structural rigidity; the
deformity could be easily reduced by force). Exception
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must here be made in cases of late Friedreich's disease where
considerable hypotonia has developed.
A condition of muscular spasm preponderating in the
extensors of the toes, tibialis posticus and peroneus longus
would produce a position of the foot similar to pes cavus.
The toes would be extended, the forward part of the meta-
tarsus would be drawn down by the tendon of the peroneus
longus attached to the base of the first metatarsal bone, and
by the prolongation of the tibialis posticus to the middle
three metatarsal bones. Both of these muscles increase the
plantar arch, and both plant-extend the foot. Inversion
of the foot would result, as the tibialis posticus is a stronger
muscle than the peroneus longus, and inversion of the foot a
stronger movement than eversion.
Isolated paralysis of the tibialis posticus produces entire
loss of the antero-posterior plantar arch and eversion of
the foot. (Erichsen.)I4
I would suggest that spasm preponderating in the muscles
is the correct anatomical explanation of acquired pes cavus,
and there is clinical evidence that such spasm does actually
exist in these cases.
A physiological explanation for the occurrence of such
spasm must be sought for, and it will be found in the
extensor response in the plantar reflex. Pes cavus occurs
not infrequently in diseases in which a lesion of the pyra-
midal system occurs, and I think that a tendency to pes
cavus may be found in nearly all such cases if they be of
long standing. The extensor response is almost always
present in such cases, and is especially marked when any
degree of pes cavus occurs.
The tone of the muscles supplied by a spinal segment is
dependent upon the reflex arc of that segment, and may be
described as the response on the efferent side to the con-
tinuous afferent impressions reaching the segment by its
afferent nerves.
In the absence of the control of higher centres the
physiological capacity for reflex response of the spinal
segment increases, and with it the muscular tone which
may go on to rigidity. The efferent impulses leaving the
Fio. 3.
The appearance of the left foot at rest from the internal aspeot iu a case
of spinal caries under the care of Dr. Bastian. The peg cavus had developed
while the patient was in hospital. The standing out of the tibialis postioim
tendon is seen. (Prom a photograph.)
FIQ. 4.
The right foot from the same case as Pig. 8, seen from the outer side,
showing the standing out of the tendon of the peroneus longus.
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spinal segment, in the absence of control from higher
centres, will be distributed to muscles in the same pattern
as the response to the superficial reflex connected with that
segment.
The form of the superficial reflex in the foot, when the
higher centres are cut off, is, extension of the toes, with
slight inversion and dorsiflexion of the foot, and increase of
the plantar arch, and marked action of the tibialis posticus
and anticus and peroneus longus. The pattern of muscular
tone in the same condition is this extensor response stereo-
typed ; there is relative hypertonicity in the extensors of the
toes, in the tibialis posticus and peroneus longus, and to a
less degree in the tibialis anticus. This relative hyper-
tonicity, if persisting for a long time, will cause the foot
to assume the position of more or less marked pes cavus.
The deformity will be more marked in young people since
the forces producing it act upon less rigid skeletal structures
and during a period of growth, than in old people where the
structures are more rigid.
(The physiological basis of the muscle tone and of rigidity
is probably far more complicated than stated above, but the
explanation given, so far as it goes, quite suffices for the
case at issue.)
As a strong argument in favour of the truth of this ex-
planation of pes cavus the three exceptional cases of hemi-
plegia with a flexor response upon the affected side may be
again mentioned. The deformity of the affected foot in
these cases resembled the position a normal foot assumes at
the height of a vigorous flexor response, just as pes cavus
resembles the position of a foot at the height of an extensor
response.
Conclusions.
(1) This investigation has confirmed those of Babinski,
Gehuchten and Brissaud in all essential points.
(2) The plantar reflex of healthy subjects, with the ex-
ception of infants, consists of a regular succession of con-
traction in certain muscles to increasing stimuli. The
response may be confined to certain muscles of the hip. It
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